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(54) METHOD OF FORMING RNE PATTERN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of forming a fine pattern, which enables a manufacturer to 
obtain a fine pattern superior in controllability of pattern dimensions and equipped with a proper profile and 
properties requested in a semiconductor device and besides being superior, even when a substrate having a 
photoresist pattern about 1 .0 ^im or over in thickness is used, in the fining of the pattern where the substrate 
having the photoresist is covered with a molding agent prior to pattern formation. 

SOLUTION: In this fine pattern formation method, the process of covering the substrate having the photoresist 
with a cover molding agent, the process of shrinking the cover molding agent in question by heat treatment and 
narrowing the intervals between the photoresist patterns by its shrinkage action, and the process of removing 
the cover molding agent are performed several times. 
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CLAIMS 



[ClaimCs)] 

[Claim 1] The formation approach of a detailed pattern which is made to contract this covering formation agent 
by the process and heat treatment which cover a covering formation agent on the substrate which has a 
photoresist pattern, and is characterized by covering multiple times and performing the process to which it 
carries out narrow [ of the spacing between photoresist patterns ] according to the contraction operation, and 
the process which removes the above-mentioned covering formation agent. 

[Claim 2] The formation approach of a detailed pattern according to claim 1 that a covering formation agent 
contains a water-soluble polymer. 

[Claim 3] The formation approach of a detailed pattern according to claim 2 that a water-soluble polymer is at 
least one sort chosen from an alkylene glycol system polymer, a cellulose system derivative, a vinyl system 
polymer, an acrylic polymer, a urea system polymer, an epoxy system polymer, a melamine system polymer, and 
a nylon system polymer. 

[Claim 4] The formation approach of a detailed pattern according to claim 3 that a water-soluble polymer is at 
least one sort chosen from an alkylene glycol system polymer, a cellulose system derivative, a vinyl system 
polymer, and an acrylic polymer. 

[Claim 5] The formation approach of a detailed pattern given in any 1 term of claims 1-4 whose covering 
formation agent is the water solution of concentration 3-50 mass %. 

[Claim 6] The formation approach of a detailed pattern given in any 1 term of claims 2-5 which contains a 
water-soluble amine further in a covering formation agent. 

[Claim 7] The formation approach of a detailed pattern according to claim 6 that electric dissociation exponent 
[ in /, in a water-soluble amine / 25 degrees C ] is the amine of 7.5-13. 

[Claim 8] The formation approach of a detailed pattern according to claim 6 or 7 which does 0.1-30 mass % 
content of a water-soluble amine into a covering formation agent (solid content). 

[Claim 9] The formation approach of a detailed pattern given in any 1 term of claims 1 -8 which heat-treats at 
temperature lower than the softening temperature of the photoresist pattern on a substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the detailed pattern in a phot 
lithography technical field. It is related with the formation approach of the detailed pattern which can respond to 
integration of a semiconductor device in recent years and micrifying in more detail. 
[0002] 

[Description of the Prior Art] In manufacture of electronic parts, such as a semiconductor device and a liquid 
crystal device Face [ processing etching etc. to a substrate, and ] and a coat (photoresist layer) is prepared on 
a substrate using the so-called admiration radiation photoresist which induces an activity radiation. 
Subsequently, with an activity radiation, irradiate this alternatively, expose it, and a development is performed. 
Carry out dissolution removal of the photoresist layer alternatively, and an image pattern (photoresist pattern) is 
formed on a substrate. A phot lithography techniques which form various patterns, such as patterns for contact, 
such as a hole pattern and a trench pattern, in a substrate by making this into a protective layer (mask pattern) 
are used. 

[0003] The inclination of integration of a semiconductor device and micrifying increases and detailed-ization 
progresses also about formation of these patterns in recent years. The activity beam of light which micro- 
machining with a current pattern width of face of 0.20 micrometers or less is demanded, and is used for mask 
pattern formation KrF, ArF, and F2 excimer-laser light and the exposure light of short wavelength, such as an 
electron ray, are used, and although it has the physical properties corresponding to such exposure light also 
about the photoresist ingredient as a mask pattern formation ingredient, research and development are 
performed. 

[0004] In addition to [ from the field of such a photoresist ingredient ] detailed-ized countermeasures, research 
and development of the technique exceeding the limitation of the resolution which a photoresist ingredient has 
are overly performed also from the field of the pattern formation approach. 

[0005] For example, after applying the resist for mixing generation mixed with this resist for pattern formation 
after extracting in JP, 5-1 6671 7,A to the resist for pattern formation applied on the substrate and forming a 
pattern all over a substrate, a mixing layer is formed in the resist side attachment wall for pattern formation - a 
front face, the non-mixing part of said resist for mixing generation is removed, planning detailed-ization for the 
above-mentioned mixing layer dimension was kept, and the pattern-formation approach is indicated. Moreover, 
on the substrate which formed the resist pattern containing an acid generator in JP,5-241348.A Negatives are 
developed after heat-treating, making said resin diffuse an acid from a resist, after putting the resin which 
insolubilizes under existence of an acid, and forming the resist of fixed thickness resin and near a resist pattern 
interface, removing the resin part to which diffusion of an acid is not carried out — the above — the pattern 
formation approach which attained detailed-ization for a fixed thickness dimension is indicated. 
[0006] However, control of the thickness of the layer formed in a resist pattern side attachment wall is difficult 
for these approaches, they are large in degree C and about about tennm /, and have the problem that it is very 
difficult to maintain the inside of a wafer side at homogeneity, and it cannot control generating of the variation in 
a pattern dimension, in the heating apparatus used by manufacture of the present semiconductor device. [ of the 
heat dependency within a wafer side ] 

[0007] How to make fluidize a resist pattern by heat treatment etc., and make a pattern dimension detailed on 
the other hand, is also learned. For example, in JP,1-307228,A, after forming a resist pattern on a substrate, the 
approach of forming a detailed pattern is indicated by performing heat treatment and making the cross-section 
configuration of a resist pattern deform. Moreover, in JP,4-364021 ,A, after forming a resist pattern, it heats 
before and after the softening temperature, and the approach of changing the pattern dimension according to 
fluidization of a resist, and forming a detailed pattern is indicated. 

[0008] The heat dependency within a wafer side of these approaches is about several nm/degree C, and 
although there are few troubles in this point, since control of deformation and a flow of the resist by heat 
treatment is difficult, there is a problem that it is difficult to prepare a uniform resist pattern in a wafer side. 



[0009] An^r foririing the resin as^a stopper for said resist ptattern flov/ihg and preventing ***5Sf on a substrate, 
after forming a resist pattern on a substrate by JP,7-45510,A as an approach into which the above-mentioned 
approach was developed further, heat-treating subsequently, making a resist fluidize and changing a pattern 
dimension, the approach of removing resin and forming a detailed pattern is indicated. And as the above- 
mentioned resin, although polyvinyl alcohol is specifically used, since the solubility of polyvinyl alcohol over water 
is inadequate, removing completely by rinsing is difficult for it, and formation of the pattern of a good profile is 
difficult for it, and it cannot say it as what it may not necessarily be satisfied also with the field of stability with 
the passage of time of 
[0010] 

[Problem(s) to be Solved by the Invention] In the formation approach of a detailed pattern of this invention 
having been made in view of the above-mentioned situation, covering a covering formation agent on the 
substrate which has a photoresist pattern, and performing pattern formation, while excelling in the controllability 
of a pattern dimension, it aims at offering the formation approach of a detailed pattern that the detailed pattern 
equipped with the demand characteristics in a good profile and a good semiconductor device can be obtained. 
[0011] 

[Means for Solving the Problem] The formation approach of a detailed pattern that this invention shrinks this 
covering formation agent by the process and heat treatment which covers a covering formation agent on the 
substrate which has a photoresist pattern, and carries out carrying out the process to which it carries out 
narrow [ of the spacing between photoresist patterns ] according to the contraction operation, and the process 
which removes the above-mentioned covering formation agent by covering multiple times as the description in 
order to solve the above-mentioned technical problem provides. 

[0012] In the above, it is desirable to use what contains a water-soluble polymer as a covering formation agent. 
[0013] Moreover, in the above, it is desirable to heat-treat at temperature lower than the softening temperature 
of the photoresist pattern on a substrate. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is explained in full detail. 

[0015] The detailed pattern formation approach concerning this invention carries out covering multiple times and 
performing the process to which this covering formation agent is shrunk by the process and heat treatment 
which cover a covering formation agent, and it carries out narrow [ of the spacing between photoresist 
patterns ] according to the contraction operation, and the process which removes the above-mentioned 
covering formation agent on the substrate which has a photoresist pattern, as the description. 
[0016] Especially production of a substrate that has a photoresist pattern is not limited, and can be performed 
with the conventional method used in manufacture of a semiconductor device, a liquid crystal display component, 
the magnetic head, or a micro lens. For example, after applying and drying constituents for photoresists, such as 
a chemistry magnification mold, with a spinner etc. and forming a photoresist layer on substrates, such as a 
silicon wafer, with a contraction projection aligner etc. [ whether activity beams of light, such as ultraviolet rays, 
deep-UV, and excimer laser light, are irradiated through a desired mask pattern, and ] Or by heating and 
subsequently carrying out the development of this using alkaline water solutions, such as a developer, for 
example, a 1 - 10 mass % tetramethylammonium hydroxide (TMAH) water solution etc., etc., after drawing with 
an electron ray A photoresist pattern can be formed on a substrate. 

[0017] In addition, especially as a constituent for photoresists used as the ingredient of a photoresist pattern, it 
is not limited and the photoresist constituent for excimer lasers of i, the photoresist constituent for g lines, KrF 
and ArF. and F2 grade and the photoresist constituent generally used [ constituent / for EB (electron ray) / 
photoresist ] widely can be used further. 

[0018] a. Covering formation agent application process [0019] Subsequently, a covering formation agent is 
applied and covered on the substrate which has such a photoresist pattern. In addition, for 30 - 90 seconds may 
be given, and after applying a covering formation agent, you may prebake to a substrate at the temperature of 
80-100 degrees C. 

[0020] The covering approach can be performed according to the approach usually performed in the 
conventional heat flow process. That is, the water solution of the above-mentioned covering formation agent for 
the formation of pattern detailed is applied on a substrate, for example with a spinner etc. 

[0021] The covering formation agent used for this invention is for covering the pattern represented by the hole 
pattern demarcated between the photoresist patterns prepared on the substrate, the trench pattern, etc., and if 
it is narrow in the size of the pattern demarcated between the above-mentioned photoresists according to the 
heat shrink operation, and width of face, it is used for forming a minute pattern in total. 
[0022] As such a covering formation agent, the thing containing a water-soluble polymer is used preferably. 
[0023] That the water-soluble above-mentioned polymer should just be a polymer which may dissolve in water 
at a room temperature, although not restricted especially, an acrylic polymer, a vinyl system polymer, a cellulose 
system derivative, an alkylene glycol system polymer, a urea system polymer, a melamine system polymer, an 



•epoxy system polymer, an amide system polymer, etc. are used preferably. 

[0024] As an acrylic polymer, the polymer or copolymer which makes a constituent monomers, such as acrylic- 
acid, methyl-acrylate, methacrylic-acid, methyl-methacrylate, N,N-dimethylacrylamide, N, and N- 
dimethylaminopropyl methacrylamide, N,N-dimethylaminopropyl acrylamide. N-methylacrylamide, diacetone 
acrylamide, N, and N-dimethylaminoethyl methacrylate, N, and N-diethylamino ethyl methacrylate. N. and N- 
dimethylamino ethyl acrylate and acryloyi morpholine, is mentioned, for example. 

[0025] As a vinyl system polymer, the polymer or copolymer which makes a constituent monomers, such as N- 
vinyl pyrrolidone, vinyl imidazolidinone, and vinyl acetate, is mentioned, for example. 

[0026] As a cellulose system derivative, hydroxypropylmethylcellulose phthalate, hydroxypropyl-methylcellulose 
acetate phthalate, hydroxypropyl-methylcellulose hexahydro phthalate, hydroxypropyl-methylcellulose acetate 
succinate, the hydroxypropyl methylcellulose, hydroxypropylcellulose, a hydroxyethyl eel roll, SERURORU 
acetate hexahydro phthalate, a carboxymethyl cellulose, ethyl cellulose, methyl cellulose, etc. are mentioned, for 
example. 

[0027] As an alkylene glycol system polymer, an addition polymer or addition copolymers, such as ethylene glycol 
and a propylene GUGURI call, etc. are mentioned, for example. 

[0028] As a urea system polymer, what makes a constituent a methylol-ized urea, a dimethyloHzed urea, an 
ethylene urea, etc. is mentioned, for example. 

[0029] As a melamine system polymer, what makes a constituent a methoxymethyl-ized melamine, a 
methoxymethyl-ized iso butoxy methylation melamine, a methoxy ethylation melamine, etc. is mentioned, for 
example. 

[0030] Furthermore, a thing water-soluble in the inside of an epoxy system polymer, a nylon system polymer, 
etc. can also be used. 

[0031] It is desirable to consider as the configuration which contains at least one sort chosen from an alkylene 
glycol system polymer, a cellulose system polymer, a vinyl system polymer, and an acrylic polymer especially, 
and the point that pH adjustment is easy especially to an acrylic polymer is the most desirable. Furthermore, it is 
desirable to consider as a copolymer with water-soluble polymers other than an acrylic polymer from the point 
that contraction effectiveness of photoresist pattern spacing can be made high, maintaining the configuration of 
a photoresist pattern, at the time of heat-treatment. A water-soluble polymer can use one sort or two sorts or 
more. 

[0032] If especially stability with the passage of time is thought as important although especially the 
compounding ratio of a constituent is not limited when a water-soluble polymer is used as a copolymer, it will be 
desirable to make [ more ] the compounding ratio of an acrylic polymer than other other configuration polymers. 
In addition, the improvement in stability with the passage of time can also be solved by adding acid compounds, 
such as p-toluenesulfonic acid and dodecylbenzenesulfonic acid, besides blending an acrylic polymer too much 
as mentioned above. 

[0033] A water-soluble amine may be further blended with a covering formation agent. As a water-soluble amine, 
the amines of 7.5-13 are desirable from points, such as impurity generating prevention and pH adjustment, and 
electric dissociation exponent (acid dissociation constant) in a 25-degree C water solution is used. Specifically 
For example, monoethanolamine, diethanolamine. Triethanolamine, 2-(2-aminoethoxy) ethanol, N,N- 
dimethylethanolamine, N,N-diethylethanolamine, N,N-dibutylethanolamine, N-methylethanol amine. N-ethyl 
ethanolamine, N-butyl ethanolamine. N-methyldiethanolamine. monoisopropanolamine. diisopropanolamine, 
Alkanolamines. such as tri-isopropanolamine; Diethylenetriamine, Triethylenetetramine, propylenediamine, N, and 
N-diethyl ethylenediamine. 1 ,4-butanediamine, N-ethyl-ethylenediamine, 1,2-propanediamine, Polyalkylene 
polyamine. such as 1 .3-propanediamine, 1, and 6-hexanediamine; 2-ethylhexylamine, A dioctyl amine, 
tributylamine, tripropylamine, a triaryl amine. Aromatic amine, such as fatty amine; benzylamines, such as a 
heptyl amine and cyclohexylamine. and a diphenylamine; annular amines, such as a piperazine, an N-methyl- 
piperazine, a methyl-piperazine, and hydroxyethyl piperazine, etc. are mentioned. Especially, the thing of 140 
degrees C or more (760mmHg) of boiling points is desirable, for example, monoethanolamine, triethanolamine, etc. 
are used preferably. 

[0034] As for a water-soluble amine, it is desirable to blend at a rate of 0.1 - 30 mass % extent to a covering 
formation agent (solid content), and it is 2 - 15 mass % extent especially. There is a possibility that it may pass 
and degradation of the liquid by the time may arise, and, on the other hand, there is a possibility of producing 
configuration aggravation of a photoresist pattern, by 30 mass % ** under at 0.1 mass %. 
[0035] A surfactant can be further blended with a covering formation agent by request from points, such as 
spreading homogeneity and homogeneity within a field. 

[0036] As a surfactant, when it adds to the water-soluble above-mentioned polymer, solubility is high, and 
suspension is not generated but what has the property of ** with the compatibility over a polymer component is 
used preferably. By using the surfactant which fulfills such a property, generating of a defect it is supposed that 
there are cellular (micro form) generating and relation at the time of applying especially a covering formation 




•agent can be prevented effectively. 

[0037] From the above-mentioned point, as a surfactant used for this invention, one sort is preferably used as 

being chosen from N-alkyI pyrrolidone system surfactant, a quarternary-ammonium-salt system surfactant, and 

the phosphoric ester system surfactant of a polyoxyethylene as it is few. 

[0038] As an N-alkyI pyrrolidone system surfactant, it is the following general formula (I). 

[0039] 

I 

Ri 

[0040] What is expressed with (R1 shows a six or more carbon atomic numbers alkyi group among a formula) is 
desirable. 

[0041] As this N-alkyI pyrrolidone system surfactant, specifically To N-hexyl-2-pyrrolidone and N- a 
PUCHIRU-2-pyrrolidone. an N-octyl-2-pyrrolidone, An N-nonyl-2-pyrrolidone. an N-DESHIRU-2-pyrrolidone, an 
N-DESHIRU-2-pyrrolidone, An N-undecyl-2-pyrrolidone, an N-dodecyl-2-pyrrolidone. An N-tridecyl-2- 
pyrrolidone, an N-tetradecyl-2-pyrrolidone, an N-pentadecyl-2-pyrrolidone, an N-hexadecyl-2-pyrrolidone. an 
N-heptadecyl~2-pyrrolidone, an N-octadecyl-2-pyrrolidone, etc. are mentioned. An N-octyl-2-pyrrolidone 
("SURFADONE LP100";ISP company make) is used preferably especially. 
0042] As the 4th class ammonium system surfactant, it is the following general formula (II). 
[0043] 



R3— N— R5 

R4 



X- (II) 



[0044] What is expressed with [R2, R3. R4, and R5 show an alkyI group or a hydroxyalkyi radical independently, 
respectively (however, at least one of them shows a six or more carbon atomic numbers alkyI group or a 
hydroxyalkyi radical). and;X- shows the hydroxide ion or halogen ion among a formula] is desirable. 
[0045] as the 4th class ammonium system surface active agent of this — concrete — dodecyl 
trimethylammonium hydroxide, tridecyl trimethylammonium hydroxide, tetradecyl trimethylammonium hydroxide, 
pentadecyl trimethylammonium hydroxide, and hexadecyl trimethylammonium hydroxide — it passes and 
PUTADE sill trimethylammonium hydroxide, octadecyl trimethylammonium hydroxide, etc. are mentioned. 
Especially, hexadecyl trimethylammonium hydroxide is used preferably. 

[0046] As a phosphoric ester system surfactant of a polyoxyethylene, it is the following general formula (III). 
[0047] 

OR7 

R60^H2CH20)pr-PCQ^ (III) 

o 

[0048] What is shown by (R6 shows the alkyI group or alkyI ally! group of the carbon atomic numbers 1-10,;R7 
show a hydrogen atom or (CH2CH20) R6 (as R6 was defined above here), and;n shows the integer of 1-20 
among a formula) is desirable. 

[0049] As a phosphoric ester system surfactant of this polyoxyethylene. what is specifically marketed as "ply 
surfboard A212E". "ply surfboard A210G" (all are the Dai-Ichi Kogyo Seiyaku Co., Ltd. make above), etc. can be 
used suitably. 

[0050] When blending a surfactant, it is desirable to blend at a rate of 0.1 - 10 mass % extent to a covering 
formation agent (solid content), and it is 0.2 - 2 mass % extent especially. By above-mentioned being within the 
limits and blending, the problem of generating of the defect considered that causal relation is deep by the air 
bubbles generated at the time of spreading called the variation of contraction of the pattern accompanying the 
fall of the homogeneity within a field resulting from aggravation of spreading nature or micro form can be 
prevented effectively. 

[0051] As for the covering formation agent used for this invention, it is desirable to use as a water solution of 3 
- 50 mass % concentration, and it is desirable especially to use as a water solution of 5 — 20 mass % 
concentration. There is a possibility that it may become poor covering concentration to a substrate under at 3 
mass %, on the other hand, the improvement in effectiveness which balances having raised concentration in 50 
mass % ** is not accepted, and it is not desirable from the point of handling nature. 



[0052] in addition, although this covering formation agent is usually used as a water solution using water as a 
solvent as described above, the mixed solvent of water and alcoholic solvent can also be used for it. As alcoholic 
solvent, methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, glycerol, ethylene glycol, propylene glycol, 
1, 2-butylene-glycol, 1. 3-butylene-glycol, 2, and 3-butylene glycol etc. is mentioned, for example. To water, 
these alcoholic solvent mixes 30 mass % extent as an upper limit, and is used. 

[0053] b. Heat treatment (contraction) process [0054] Subsequently, it heat-treats and the paint film which 
consists of a covering formation agent is shrunk. Thereby, spacing of the photoresist pattern which touches this 
paint film is narrowed. From specifying the path and width of face of spacing between this photoresist pattern, 
i.e.. the pattern finally obtained, the path of a hole pattern and the width of face of a trench pattern can be made 
to be able to narrow-ize by this, and a pattern can be micrified. 

[0055] Although it is not especially limited if it is the temperature which can cause contraction of the paint film 
which consists of a covering formation agent and whenever [ stoving temperature ] is sufficient temperature to 
perform detailed-ization of a pattern, it is desirable to heat at temperature lower than the softening temperature 
of a photoresist pattern. If it carries out at such temperature, the good detailed pattern of a profile can 
especially be formed, and the dependency over the duty ratio (Duty) ratio within a wafer side, i.e., pattern 
spacing within a wafer side, can be made small. 

[0056] In addition, "softening temperature of a photoresist pattern" means the temperature which the 
photoresist pattern formed on the substrate begins to fluidize spontaneously by heat-treatment of a substrate 
(flow). 

[0057] When the softening temperature of the various photoresist constituents used in a phot current 
lithography techniques and the point of heat-treatment of multiple times are taken into consideration, it is 
desirable to perform the above-mentioned heat-treatment at the temperature of about 80-160 degrees C. 1 
time of the heating processing time is a 30 - 90-second about room preferably. 

[0058] Moreover, as thickness of the paint film which consists of a covering formation agent, the height of wrap 
extent is desirable in comparable as the height of a photoresist pattern, or it. In manufacture of a semiconductor 
device, the effectiveness that the detailed pattern of a good profile can usually be formed even when the 
photoresist pattern of the thick film of about 1.0 micrometers or more of thickness is used like manufactures, 
such as the magnetic head and a micro lens, in order to expand photoresist pattern width of face gradually and 
to form a detailed pattern by repeating a. process - c. process two or more times so that it may mention later in 
this invention although it is about 0.1-0.5 micrometers is done so. 

[0059] c. Covering formation agent removal process [0060] Then, the paint film which consists of a covering 
formation agent which remains on a pattern is removed a drainage system solvent and by washing for 10-60 
seconds with pure water preferably. Washing removal bywater can remove the covering formation agent 
concerning this invention from a substrate and a photoresist pattern completely easily. 
[0061] In this invention, the description is [ multiple times and ] that it performs repeatedly about above- 
mentioned a. - c. process. Thus, by being able to make photoresist pattern width of face broad gradually, and 
using further what contained the water-soluble polymer as a covering formation agent by repeating a. - c. 
process two or more times The detailed pattern of a good profile can be formed also in the rinsing removal 
activity of multiple times, without producing pattern collapse and deformation, even when the substrate which 
has the photoresist pattern of a thick film is used since a covering formation agent is completely removable each 
time. 

[0062] Thus, the substrate which makes on a substrate photoresist pattern spacing which became broad and 
which has the micrified pattern is obtained. 

[0063] The detailed pattern obtained by this invention has a good profile, and is equipped with the physical 
properties with which it may fully be satisfied of necessary demand characteristics while it has pattern size more 
detailed than the resolution limit obtained by the old approach. 

[0064] As a technical field to which this invention is applied, it is not restricted to the semi-conductor field, but 
it is widely possible a liquid crystal display component, magnetic-head manufacture, and to use for micro-lens 
manufacture etc. further. 
[0065] 

[Example] Next, although an example explains this invention to a detail further, this invention is not limited at all 
by these examples. In addition, loadings are mass % unless it mentions specially. 

[0066] (Example 1) On the substrate, rotation spreading of the "EP-TF004EL" (TOKYO OHKA KOGYO CO.. 
LTD. make) which is a positive type photoresist was carried out, BEKU processing during 300 seconds was 
carried out at 1 50 degrees C, and the photoresist layer of 2.0 micrometers of thickness was formed. 
[0067] To this photoresist layer, drawing processing was carried out using (electron ray EB) drawing equipment 
("HL-800D"; Hitachi. Ltd. make), heat-treatment was performed for 300 seconds at 140 degrees C, the 
development was carried out using the 2.38 mass %TMAH (tetramethylammonium hydroxide) water solution, and 
the photoresist pattern was formed. By formation of this photoresist pattern, the trench pattern with a pattern 



•width efface of 258.9nm (that is, spacing which a photoresist pattern makes 258.9nm) was formed. 
[0068] Next, on this trench pattern, copolymer (acrylic acid: vinyl-pyrrolidone =2:1 (weight ratio)) lO.Og of an 
acrylic acid and vinyl pyrrolidone was dissolved in 90g of water, the covering formation agent which made the 
whole solid content concentration 10.0 mass % was applied, and heat-treatment was performed for 90 seconds 
at 120 degrees C. Then, the covering formation agent was removed using pure water at 23 degrees C. The 
pattern width of face of the trench pattern at that time was 237.5nm. 

[0069] Subsequently, said covering formation agent was applied on this trench pattern, and desiccation 
processing was performed for 90 seconds at 120 degrees C. Then, the covering formation agent was removed 
using pure water at 23 degrees C. The pattern width of face of the trench pattern at that time was 229.6nm. 
[0070] Subsequently, said covering formation agent was applied on this trench pattern, and desiccation 
processing was performed for 90 seconds at 120 degrees C. Then, the covering formation agent was removed 
using pure water at 23 degrees C. At this time, the pattern width efface of a trench pattern was 215.1nm. 
[0071] (Example 2) On the substrate, rotation spreading of the "DP-TFOIOPM" (TOKYO OHKA KOGYO CO.. 
LTD. make) which is a positive type photoresist was carried out, BEKU processing during 150 seconds was 
carried out at 130 degrees C, and the photoresist layer of 3.0 micrometers of thickness was formed. 
[0072] To this photoresist layer, exposure processing was carried out using the KrF excimer laser aligner 
("canon FPA-3000 EX3"; product made from Canon), heat-treatment was performed for 150 seconds at 120 
degrees C. the development was carried out using the 2.38 mass %TMAH (tetramethylammonium hydroxide) 
water solution, and the photoresist pattern was formed. By formation of this photoresist pattern, the trench 
pattern with a pattern width efface of 204.1 nm (that is, spacing which a photoresist pattern makes 204.1 nm) 
was formed. 

[0073] Next, on this trench pattern, copolymer (acrylic acid: vinyl-pyrrolidone =2:1 (weight ratio)) 9.1 g of an 
acrylic acid and vinyl pyrrolidone and triethanolamine 0.9g were dissolved in 90g of water, the covering formation 
agent which made the whole solid content concentration 10.0 mass % was applied, and heat-treatment was 
performed for 90 seconds at 1 10 degrees C. Then, the covering formation agent was removed using pure water 
at 23 degrees C. The pattern width of face of the trench pattern at that time was 1 85.9nm. 
[0074] Subsequently, said covering formation agent was applied on this trench pattern, and desiccation 
processing was performed for 90 seconds at 1 1 0 degrees C. Then, the covering formation agent was removed 
using pure water at 23 degrees C. The pattern width of face of the trench pattern at that time was 1 75.9nm. 
[0075] Subsequently, said covering formation agent was applied on this trench pattern, and desiccation 
processing was performed for 90 seconds at 11 0 degrees C. Then, the covering formation agent was removed 
using pure water at 23 degrees C. At this time, the pattern width efface of a trench pattern was 158.9nm. 
[0076] (Example 1 of a comparison) On the substrate, rotation spreading of the "DP-TFOIOPM" (TOKYO OHKA 
KOGYO CO., LTD. make) which is a positive type photoresist was carried out, BEKU processing during 150 
seconds was carried out at 1 30 degrees C, and the photoresist layer of 3.0 micrometers of thickness was 
formed. 

[0077] To this photoresist layer, exposure processing was carried out using the KrF excimer laser aligner 
("canon FPA-3000 EX3"; product made from Canon), heat-treatment was performed for 150 seconds at 120 
degrees C, the development was carried out using the 2.38 mass %TMAH (tetramethylammonium hydroxide) 
water solution, and the photoresist pattern was formed. By formation of this photoresist pattern, the trench 
pattern with a pattern width of face of 202.7nm (that is. spacing which a photoresist pattern makes 202.7nm) 
was formed. 

[0078] Next, the same covering formation agent as what was used in the example 1 on this trench pattern was 
applied, and heat-treatment was performed for 90 seconds at 1 40 degrees C. Then, the covering formation agent 
was removed using pure water at 23 degrees C. 

[0079] Consequently, it was what distortion occurs in the photoresist pattern upper part, and the trench pattern 
of a good profile is not obtained, but causes trouble to a back process, and is not suitable for practical use. 
[0080] 

[Effect of the Invention] As explained in full detail above, a covering formation agent is prepared on the 
substrate which has a photoresist pattern according to this invention, this is heat-treated, photoresist pattern 
spacing is narrowed, and in the technique using the formation approach of a detailed pattern of subsequently 
removing the above-mentioned paint film, while excelling in the controllability of a pattern dimension, the detailed 
pattern which was excellent in the removal nature of a covering formation agent, and was equipped with the 
demand characteristics in a good profile and a good semiconductor device can obtain. 
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